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Introduction 43
In the 1980s, the incidence of cardiovascular disease was noted to be higher in countries farther 44 from the Equator. (Fleck 1989 ) A popular hypothesis is that sunlight exerts a protective effect by 45 reducing cholesterol and/or blood pressure. (Grimes et al. 1996; Patwardhan et al. 2017; 46 Rostand 1997) A classic study in rabbits (Altschul 1953 ) and a more recent study in 47 mice, (Geldenhuys et al. 2014 ) a cross-sectional study of humans, (Prodam et al. 2016 ) and a 48 small clinical trial (Patwardhan et al. 2017 ) provide evidence of an effect of ultraviolet radiation 49 on cholesterol. A parsimonious potential explanation is that 7-dehydrocholesterol can be 50 converted to cholesterol, or in the presence of ultraviolet light, it can instead be converted to 51 vitamin D. (Geldenhuys et al. 2014; Patwardhan et al. 2017 ) Sunlight's effect on blood pressure 52 is hypothesized to have a more complex biological basis, which might involve vitamin D, nitric 53 oxide, and melanin. (Feelisch et al. 2010) There is experimental evidence to support an effect of 54 ultraviolet B light on blood pressure. (Krause et al. 1998 ) Sunlight might also change 55 cardiovascular risk factors by influencing countries' agriculture, for example the availability of 56 fresh fruits and vegetables. Whether effects of sunlight on cholesterol or blood pressure 57 manifest at the level of global health is not well understood since most ecological studies 58 relating sunlight exposure and/or latitude to cardiovascular risk factors are old and cross-59 sectional and involve relatively few countries. 60
New treatments for elevated cholesterol and blood pressure have been developed and 61 disseminated since the 1970s, even as changes in health habits have swept the globe. It is 62 possible that the relationship between latitude and cholesterol or blood pressure has changed 63 accordingly, suggesting that sunlight is at most a small factor compared to other aspects of 64 lifestyle. If instead, latitude or ultraviolet radiation has an unchanged relationship with a 65 cardiovascular risk factor over decades despite lifestyle changes, a role for sunlight is more 66 likely. Using decades of longitudinal data from over 180 countries, we examined the relationship 67 between latitude and total cholesterol, and systolic blood pressure, with attention to changes 68 over time. We also examined the relationship between ultraviolet B light exposure and countries' 69 cholesterol or blood pressure. In addition, we examined whether sex differences exist in these 70
relationships. 71

Methods 72
We obtained the country latitudes used in Google's Public Data Explorer project.(Google) From 73 the World Health Organization's (WHO) Global Health Observatory,(World Health Organization) 74
we obtained country-level age-standardized estimates of: mean total cholesterol , 75 mean systolic blood pressure , and the prevalence of raised blood pressure (1975-76 2015) . Raised blood pressure was defined by WHO as systolic blood pressure≥140 mm Hg or 77 diastolic blood pressure≥90 mm Hg). Additional methods underlying the blood pressure 78 measurements have been published.(NCD Risk Factor Collaboration 2017) 79
In addition, we obtained country-level ultraviolet B light exposure (averaged between 1997-80 2003) from the WHO Global Health Observatory. Some countries' names were designated 81 differently in the Google Public Data Explorer latitudes dataset and the WHO datasets. After 82 harmonizing the country names, we used local regression (LOESS) plots to visualize the 83 relationship between latitude and these endpoints. The R package 'ggplot2' and its command 84 'geom_smooth' command were used to generate the LOESS curves and corresponding 95% 85 confidence intervals. We also calculated Spearman correlation coefficients for distance from the 86 Equator and countries' mean cholesterol, mean systolic blood pressure, or the prevalence of 87 raised blood pressure. We further evaluated whether our findings were stable over recent 88 decades. Analyses were performed using R 3.4.3.(R Core Team (2017)) 89 90
Results 92
Latitude-based analyses included 188 countries' mean cholesterol values, 180 countries' mean 93 systolic blood pressures, and 189 countries' prevalences of raised blood pressure. Ultraviolet B 94 radiation exposure-based analyses included 185 countries' mean cholesterol values and 186 95 countries' raised blood pressure prevalences. 96
Since at least the 1980s, average total cholesterol has been lowest in women ( Figure 1A In 1975, countries' mean systolic blood pressure followed a pattern similar to mean cholesterol, 105
with systolic blood pressure increasing with distance north or south of the Equator in females 106 (Figure 2A) and to a lesser extent in males ( Figure 2B) . As with cholesterol, countries' mean 107 systolic blood pressure exhibited symmetry north and south of the Equator. In contrast to 108 cholesterol, mean systolic blood pressure's relationship with latitude has been unstable over 109 time. In fact, by 2015, the pattern had reversed itself in females (Figure 2A) . In males, 110 countries' mean systolic blood pressure had a complex, bimodal relationship with latitude in 111 2015 ( Figure 2B) . Particularly in females, the changes in latitude's relationship with age-112 standardized mean systolic blood pressure have been similar in the Northern and Southern (Figure 4D) . 129
Discussion 130
The major new findings of this study are that for at least four decades, males' and females' 131 average cholesterol levels have been higher in countries farther from the Equator, whereas 132 mean systolic blood pressure and the prevalences of raised blood pressure showed a similar 133 pattern decades ago, but no longer. In women, blood pressure's relationship with latitude has 134 In a small study (n=338) conducted at three sites in British Columbia, plasma cholesterol 139 decreased with increasing latitude, a finding the authors attributed to differences in Rhesus 140
Blood Group system. (Alfred et al. 1974 ) Conversely, hypertension prevalence or blood pressure 141 have been reported to increase with distance north or south of the Equator or with increased 142 solar radiation exposure within single countries (Cabrera et al. 2016; Rostand et al. 2016 ) and in 143 studies of smaller groups of countries (Duranton et al. 2018; Rostand 1997 ) than we have 144 analyzed. However, adjusting for vitamin D levels had no effect on the solar radiation-blood 145 pressure relationship in a recent study, suggesting blood pressure's variation by solar radiation 146 blood pressure findings using data from decades ago are consistent with results from decades 155 ago, but since then, the relationship not only has changed in men, it has reversed in women. 156
The factors explaining the stable relationship between countries' latitude and their populations' 157 cholesterol are likely different from those explaining the relationship between latitude and blood 158 pressure, which has changed dramatically over time. Exposure to sunlight has been proposed 159 to explain the relationship between latitude and blood pressure, (Feelisch et al. 2010) Ischemic heart disease (IHD) is the leading cause of death globally. A long-term 10% reduction 179 in total cholesterol lowers risk of ischemic heart disease by 50% at age 40 and 20% at age 180 70, (Law et al. 1994 ) and a 20 mm Hg lower usual systolic blood pressure is associated with a 181 50% decrease in death from IHD and 50% decrease in death from stroke. (Lewington et al. 182 2002) As we seek new means of understanding cardiovascular risk reduction, additional studies 183 to better understand the effect of sunlight on cardiovascular risk are needed. 184
Conclusions 185
Since sunlight exposure in a country is relatively fixed and its relationship with BP has changed 186 dramatically in recent decades, countries' average sunlight exposure is an unlikely explanation 187 for contemporary country-level variation in BP. However, our findings are consistent with a 188 putative effect of sunlight on countries' average cholesterol, as well as a no longer detectable 189 effect on BP decades ago. A parsimonious potential explanation for the relationship between 190 light and cholesterol is that 7-dehydrocholesterol can be converted to cholesterol, or in the 191 presence of ultraviolet light, can instead be converted to vitamin D. To provide confidence intervals while maintaining visual clarity, the oldest and most recent years' LOESS curves show the 95% confidence interval in pink and grey, respectively. 
